Rapid Response Systems (RRSs) have been widely introduced throughout hospital health systems, yet there is limited research on the characteristics and outcomes of patients admitted to an intensive care unit (ICU) following RRS activation. Using database extraction, this study examined the factors associated with ICU admission and patient outcome in patients receiving RRS activation in a tertiary level hospital between 2009 and 2013. Of 3004 RRS activations, 392 resulted in ICU admissions. Call factors associated with ICU admission and increased hospital mortality included tachypnoea (P <0.001 and P <0.001, respectively), hypoxia (P <0.001 and P <0.001, respectively) and having multiple Medical Emergency Team call triggers breached simultaneously (P <0.001 and P <0.001, respectively). Patients with seizures (P <0.001) and tachycardia (P=0.004) were more likely to survive to hospital discharge. Patient factors associated with ICU admission included young age (P <0.001) and having severe liver disease (P <0.001). Factors associated with increased hospital mortality included delayed RRS activation (P <0.001), increased age (P <0.001) and comorbidities including ischaemic heart disease (P=0.006), congestive heart failure (P <0.001), chronic kidney disease (P <0.001) and severe liver disease (P <0.001). Multiple factors relating to both the nature of the RRS activation call and patient characteristics are associated with ICU admission and hospital mortality post RRS activation. This information may be useful for risk stratification of deteriorating patients and determination of appropriate escalation.
Rapid Response Systems (RRSs, also known as Medical Emergency Teams) have been introduced into the hospital setting over the last 20 years. They seek to identify and treat patients who are exhibiting physiological instability and who may, therefore, be at increased risk of serious adverse events such as cardiopulmonary arrest 1 . The primary aim of RRSs is to decrease in-hospital mortality, principally through the prevention of cardiac arrest [2] [3] [4] . Whilst there remain disparities in the literature as to the effectiveness of RRSs in achieving this goal [4] [5] [6] , they have been widely introduced in both Australian and international health systems [7] [8] [9] [10] [11] [12] . Furthermore, the Australian Commission on Safety and Quality in Health Care recently included the provision of RRSs in its national standards 13 .
To date, the majority of research regarding RRSs has focused on attempts to identify the appropriate physiological criteria for RRS activation [14] [15] [16] and on their effectiveness in decreasing the rate of serious adverse events occurring within hospital settings 5, 6, 11, 17 . More recently, studies have begun to examine the role of RRSs in end-of-life care 18, 19 , factors affecting the appropriate activation of RRSs 20,21 and the composition of the RRS itself 12, [22] [23] [24] .
These studies demonstrated that within the Australian system, the majority of RRSs include an intensive care unit (ICU) fellow, registrar or resident 12 and that up to 20% of patients who have an RRS activation are subsequently transferred to an ICU 24 . This has led to an expansion of the perceived role of ICUs within the Australian setting 25 but there is limited published research on the call reasons, interventions instigated and outcomes of patients admitted to an ICU following an RRS activation 10, 24, 26 . As such, the aim of this study was to determine the call and patient characteristics associated with ICU admissions and patient outcomes, following RRS calls.
Materials and methods

Study design and setting
Patients who were admitted to St Vincent's Hospital in Melbourne between 1 January 2009 and 31 December 2012 and had at least one RRS activation were identified. St Vincent's is a 400-bed tertiary level hospital with roughly 51,000 hospital separations a year. The hospital provides services for a comprehensive range of adult medical and surgical specialties, including neurosurgery and cardiac surgery. It has a single ICU comprising 14 beds, which admits approximately 1300 patients a year.
The Rapid Response System
The hospital has two forms of RRSs-a 'Code Blue' team and a medical emergency team (MET), both of which include an ICU nurse and an ICU registrar. The criteria for MET activations is a respiratory rate less than five or greater than 36, peripheral arterial oxygen saturation of less than 90%, systolic blood pressure less than 90 mmHg, heart rate less than 40 or greater than 140, a drop in consciousness of two or more Glasgow Coma Scale points or a prolonged seizure and a 'staff worried' criterion.
The two teams operate on a 24 hour a day basis in the main inpatient hospital building, with the Code Blue team also providing assistance to critically ill patients situated in other buildings on the hospital campus.
Inclusion criteria and data collection
Patients who were admitted within the main hospital inpatient building (including same-day episodes) during the study period were included. The hospital's Patient Administration System was used to extract data on these patients including gender, age, admission source and type, comorbidities (used to calculate Charlson Comorbidity Index 27 ), hospital length-of-stay and hospital mortality. Data relating to the activation of the RRS were derived from a MET/Code Blue-specific database. This database is maintained by research nurses using information recorded at the time of RRS activation as well as subsequent review of the medical records. The ICU director audits all calls weekly.
The two databases were linked based on patients' unique hospital visit numbers. Hospital admission source was defined as either from home or transfer from another health facility. Delayed RRS calls were defined as first calls occurring later than 72 hours into an admission. For patients with multiple RRS calls, the data relating to the first RRS call and/or first ICU admission were used where appropriate. 
Statistical analysis
Ethical considerations
Ethics approval for this study was obtained from the hospital Research and Ethics Committee (Approval no. QA005/13). The need for informed consent was waived, as the study utilised routinely collected data.
Results
Study population
There were 206,848 acute care admissions at the hospital between January 2009 and December 2012. During this time, there were 3004 RRS calls on 2163 ward patients. Amongst the 2163 patients who had RRS activation, 371 (17.1%) had at least one ICU admission following a call, which resulted in a total of 392 ICU admissions (Figure 1 ). Forty-four patients from the MET/Code Blue database were excluded as they had missing data and could not be matched to the Hospital Patient Administration system.
Analysis of RRS activation calls
The 3004 RRS activations involved 394 Code Blues and 2610 MET calls. Four hundred and forty-nine patients (20.8%) received a 'not for resuscitation' order either prior to or following their RRS activation. Of the 2163 patients who received RRS activations, 515 (23.8%) died within hospital.
With regards to RRS call criteria, both a respiratory rate greater than 36 and peripheral arterial oxygen saturation less than 90% were associated with patient admission to the ICU post call. In addition, RRS calls where multiple call triggers were satisfied simultaneously, and Code Blue calls (as opposed to MET calls) were significantly associated with ICU admission following the call. All of these factors were also independently associated with increased hospital mortality. Calls for a heart rate greater than 140, seizures or having an MET call for an unspecified reason were all significantly associated with increased survival at hospital discharge (Table 1) .
Patient characteristics associated with admission to ICU following RRS activation included being below the age of In addition, patients with comorbidities such as cancer and severe liver disease were more likely to be admitted to ICU post RRS call. In contrast, patients with dementia were more likely to remain in the ward ( Table 2) . With regards to hospital mortality, admission to ICU post RRS call, being above the age of 65, being a medical patient and having a delayed RRS call were all associated with increased mortality. Comorbidities associated with increased in-hospital mortality included ischaemic heart disease, congestive cardiac failure, chronic kidney disease and severe liver disease.
Discussion
To our knowledge, this is the first study to report on a comprehensive range of factors associated with admission to the ICU post RRS call and their associated outcomes. However, a number of studies have reported on the proportions of MET calls triggered by various criteria and diagnoses associated with MET call activation 10, 26, 28, 29 . We have identified calls for tachypnoea or hypoxia as being associated with increased need for ICU admission and higher in-hospital mortality, with calls for tachycardia or seizures as being associated with reduced risk. This information may be important for risk stratification and triage of patients during calls.
In our hospital, around 17% of patients with RRS activation have at least one associated ICU admission. This is similar to the approximate 20% admission rate to ICU following RRS activation reported elsewhere 10, 19, 24 .
Our results suggest that hypoxia and tachypnoea are two factors significantly associated with ICU admission and poor outcomes and other studies have suggested the most common diagnoses associated with these call triggers are pulmonary oedema and pneumonia/aspiration 29 . Having multiple call triggers satisfied simultaneously is also associated with ICU admission as well as increased hospital mortality, perhaps reflecting an increased severity of illness.
Whilst not associated with an increase in ICU admission post RRS call, having a first RRS activation more than 72 hours after admission was independently associated with increased mortality. Another recent study also suggested that patients with delayed calls are more likely to have poor outcomes 28 . This may be a reflection of failure to rescue 1 or, alternatively, it may reflect a cohort of patients who have failed to respond to usual ward-based therapies and form a worse prognostic group.
A number of additional factors appear to be independently associated with increased mortality post RRS activation. These include increased age, being admitted as a medical inpatient and having a not for resuscitation order in place. Patients with severe liver disease were more likely to be admitted to the ICU post RRS call and had increased hospital mortality. Further research into this group of patients could, therefore, aim to elucidate the features contributing to the reversibility, or otherwise, of their acute clinical deteriorations while in hospital.
This study provides a comprehensive analysis of measures and outcomes associated with ICU admission from a mature rapid response activation system. Its strengths include its large sample size and lack of changes to the RRS during the study period in a hospital where it has been present for more than five years. Limitations include the inherent biases of a singlecentre, retrospective study. It was also partly dependent on coding of outcomes not collected specifically for this study. Furthermore, it only provided information on patient outcomes up to the point of hospital discharge. 
Conclusion
Patients who receive RRS activation remain amongst the most vulnerable in our hospital. Numerous factors appear to be associated with admission to the ICU and hospital mortality post RRS activation. These include factors related to the nature and timing of RRS activations as well as patient characteristics. Further research regarding the contributors and reversibility of these factors may assist in ensuring these patients receive appropriate escalation of their treatment. 
